Nano-metal/semiconductor junction dependent porosification of silicon has been studied here. The silicon nanostructures (SiNSs) have been textured on n-and p-type silicon wafers using Ag (silver) and Au (gold) metal nano particles induced chemical etching. The combinations of n-silicon/Ag as well as p-silicon/Au form ohmic contact and result in the same texturization on the silicon surface on porosification, where tent-shaped morphology has been observed consistently in both n-and p-type silicon. Whereas, porosification result in different surface texturization for other two combinations (psilicon/Ag and n-silicon/Au) where Schottky contacts are formed. Quantitative analysis have been done using ImageJ to process the scanning electron microscopy images of silicon NS, which confirms that the tent like silicon NS are formed when Ohmic junction is built. These easily prepared sharp tent-shaped Si NSs can be used for enhanced field emission applications.
fabrication and improvement in efficiency of solar cells [3] . By the texturization of crystalline silicon different shaped and size of silicon is achieved by many groups [3] [4] [5] . As the size of silicon approaches order of its Bohr radius, various properties vary as compared to its bulk counterpart. Porous materials [6] [7] [8] (and their nanostructures (NSs)) including silicon has become the great interest of research due to its unique properties [9] [10] [11] [12] [13] and many applications [12, [14] [15] [16] such as optoelectronics [17] [18] [19] [20] , nanoelectronics [21, 22] , bio-sensors [23] [24] [25] [26] [27] as well as energy storage [28] devices and many more. One of the reasons enabling silicon NS to be used in these applications is the presence of quantum confinement effect. The quantum confinement effect provides the flexibility to tune the properties like optical, electrical, chemical and thermal properties of silicon. The one dimensional system provides a platform to explore the physical phenomenon happening at nanoscale [13, 29, 30] as well as to see the size and dimensionality dependence of their properties for fundamental research [13, 30, 31] .
Many growth techniques are available for synthesis of SiNS [32] [33] [34] , among which metal induced etching (MIE)/Metal assisted chemical etching [35] [36] [37] [38] [39] is one of the simplest and low cost method to fabricate the semiconductor nano-structures. MIE, actually is a method of porosification where metal nanoparticles are deposited onto semiconductors followed by etching in an etchant solution as has been discussed in the previous reports [4] . Different mechanisms have been proposed to understand the texturing process in semiconductors by analyzing the morphological modifications during porosification. Various parameters affecting the observed surface morphology and end nanostructure form (nanowire, interconnected pores etc) include resistivity of wafer, doping concentration and type of wafer (whether p-or n-type) [38] . Role of metal nanoparticles has also been investigated earlier [4] . It is very important to mention here that at the end MIE is a chemical etching process and thus involves holes to initiate the etching process which needs to reach the wafer surface. Thus, the role of metal (nanoparticles) /semiconductor junction cannot be neglected as either of the two junctions (Ohmic/Schottky) can be formed and flow of hole can be affected.
The aim of present paper is to understand the effect of nano-metal/silicon junction on the final surface morphology formed as a result of porosification by MIE. A tentshaped morphology of silicon NS has been observed when nano-metal/silicon junction is Ohmic while non-Ohmic (Schottky) combinations of nanometal/silicon wafers did not result in tent-shaped surface morphologies. To understand the sole role of nanometal/Si junction on the resultant morphologies other parameters like resistivity, metal deposition time and etching times were kept constant. In order to understand the texturing of silicon wafer scanning electron microscopy (SEM) has been carried out. Quantitative morphological analysis has been done for clear understanding using ImageJ software.
Experimental Methods
Four silicon NSs samples have been synthesized to see the effect of metal/silicon junction on the porosification during MIE [40] and details are given in Table 1 . Commercially available n-and p-type silicon wafers with resistivity 0.001 -cm have been used for deposition of Ag and Au nanoparticles followed by etching by MIE technique. Cleaned Si wafers of both types were immersed in two different 4.8 M HF solutions containing 5mM AgNO 3 and KAuCl 4 for deposition of silver nano particles (AgNPs) and gold nano particles (AuNPs) for 60 seconds respectively. The four samples (two each with each metal nanoparticles) were then transferred to an etching solution containing 4.8M HF & 0.5M H 2 O 2 for the fabrication of silicon NS [4, 29, 41] . After this process AgNPs and AuNPs remains on the etched wafer which is removed from the samples by keeping the etched silicon wafers in HNO 3 acid for 2 min. Any oxide layer formed on silicon NS during the HNO 3 treatment were removed by dipping the samples in HF solution for 5 min. The surface and x-sectional morphologies were recorded using SEM, Supra55 Zeiss and ImageJ software has been used to analyze the SEM images. To understand the 3D morphology of SEM images ImageJ software has been used. The 3D representation of SEM images of a single tent structure has been obtained by appropriately selecting an area of SEM image, converted to grayscale image, and then using "surface plot" option from "Analyze" menu in ImageJ software of the selected area which result in tent shaped 3D image. Following is the recipe for the same: select SEM image → covert to Grayscale → calibrate scale → select rectangular area → option "surface plot" from "Analyze" menu.
Results and Discussion
The surface morphologies of all the prepared samples, mentioned in Table 1 , have been studied using SEM. The SEM images have been analyzed by comparing the morphologies from all the samples and correlating them with the fabrication conditions. The top panel in Fig. 1 shows the SEM images of silicon NS prepared by both n-and p-type silicon wafer fabricated by AgNPs catalyst and the bottom panel shows the morphology of samples prepared using AuNPs catalyst. Figure S1 in supporting information (SI) shows the Top view SEM images (surface morphologies) of Ag and Au nano particles deposited silicon wafers, of all the samples mentioned in Table 1 , prior to the porosification step. From Fig. 1 it is evident that porosification has successfully taken place on all the samples resulting in porous silicon. In case of sample SN Ag Resistivity of silicon wafer was 0.001 cm and etching time was fixed at 60 minutes for all the samples Table 1 some tent like structures is apparent in the top view which can only be confirmed by looking at the tilted view in SEM as will be discussed later. On the other hand, sample SP Ag the pore like structures are apparent. As it is well known that though the contact between Ag and n-type silicon wafer is different from the contact between Ag and p-type due to that the surface morphology of both n-and p-type silicon NS may be different. To further confirm that the contact between metal nano particles gives different texturization of silicon wafer another set of sample using AuNPs have been studied. The bottom panel of Fig. 1 shows the SEM images of silicon NS prepared using AuNPs. It is clear from Fig. 1 that sample silicon NS have been successfully fabricated throughout in SN Au and SP Au but the surface morphology in these samples of n-and p-type is different from each other due to the junction effect (ohmic/Schottky). Samples SN Ag and SP Au have similar surface morphology and that is of tent-shaped. Another similarity between the two sample is the presence of ohmic junction between the nano-metal and silicon which was used for porosification that resulted in such morphology. It is evident from surface morphologies ( Fig. 1) To further confirm the presence of tent-like morphology, SEM image of sample SP Au has been recorded by tilting the sample with 45 degrees as shown in Fig. 3 . It is evident from Fig. 3 that tent shaped SiNS are successfully fabricated in sample SP Au . The width of tent shaped SiNS is of the order of 10μm marked with red curve (Fig. 3) and is confirmed from the surface plot reproduced from ImageJ. The surface plot shown in inset of Fig. 2 is used to calculate the tent angle using ImageJ software and is found to be ∼72 • and 61.57 • for samples SN Ag and SP Au respectively. The approximate height of single silicon NS tent is 10μm in case of SP Au marked by black line and the spacing between two consecutive tent is of the order of 1μm.
It is also evident from the SEM images (inset of Fig. 3 ) that the tip of the tent are bent and looks as if a bunch of silicon nano wires (SiNWs) are clubbed together. The bending of SiNWs on one another results in tent like structure. This kind of texturization can be thought to be originating as an effect of surface tension and can be understood as follows. The fabricated SiNWs may feel the force from the solution are energetically unfavorable and hence will agglomerate to minimize the surface energy which will be very high in case if all the wires are separated. The same has been explained by depicting the texturization of tent shaped SiNS in Fig. 4 . In first step the metal nano particles were deposited on the surface of Si wafer by dipping in metal solution and then metal nano particle loaded silicon wafer were transferred in the etching solution. After etching the well aligned SiNWs have been formed which is shown in step 2 and the black arrow shows the depth (height) of pores (nanowires) during MIE. As we increase the etching time the length of SiNWs also increases. In step 3 the SiNWs start bending on each other as they are unable to sustain on their own due to increased length. This starts during removal of etched silicon wafer from the etching solution the red arrow in circle shows the bending of SiNWs in step 3. In the final step the bunch of SiNWs were bent together and form a tent like structure when the etched silicon wafer removed completely from the etching solution. It is very likely that the bunch of SiNWs remain well aligned when they are in the etching solution. The base of SiNWs stay attached to the silicon wafer. In this way, the SiNWs bend due to the surface tension effect. The Consider two droplets which having volume 1 ml each when these drops coalesce to form a single droplet then the volume of resulting droplet is the sum of the individual volumes of the two 1-1 ml drops. But the sum of the surface area acquired by the two 1-1 ml individual drops of water droplet is 0.42 times more than that of one 2 ml drop of water (as obtained after merging together). This reduction in surface area acts as the driving force for the coalescence of two droplets. Similar to this, if the SiNWs bunch together they will acquire lesser surface area thus is a favorable move when removed from the etchant. This results in bunching of wires on one another and formation of silicon tent (step 4). The same effect has been observed in cat hairs when its hairs form cluster after getting wet. The schematic shown in Fig. 4 has also been reconstructed to depict how the same process will look to progress from top and has been shown in Fig. S3 in SI.
It is important here to mention that a clear correlation between the nano-metal/silicon junction used for porosification and resultant surface morphology is observed as shown in Fig. 5 . It is clearly noticeable that the metal silicon combination (sample SN Ag and SP Au ) having Ohmic junction, when etched results in tent-shaped morphology whereas Schottky junction (SP Ag and SN Au ) nano-metal/silicon combination does not result observed morphology. It is also worth mentioning here that the nano tents are very sharp (top angle of˜72 degree), and are very useful for field emission applications [5, 43] , photovoltaic applications [42] . It is important to mention here that the surface tension is playing an important role to generate the tent-shaped nanostructures of silicon as a result of MIE.
Conclusion
In summary, surface morphologies of silver-and goldnanoparticle assisted etching of n-and p-type wafers have been studied to observe a correlation between obtained nanostructure and nano-metal/silicon contact. A tentshaped surface morphology is obtained when an Ohmic nanometal/silicon wafer is etched by metal induced etching. The tent-shaped surface morphologies are irrespective of the wafer type (n-or p-) and are resulted as long as an Ohmic junction is formed with nano-metal used as catalyst in metal induced etching. The typical height of single Si-tent is ∼10μm and the spacing between two consecutive tents is of the order of 1 μm. Appropriate control experiments clearly support this correlation. Furthermore, Si wafers making Schottky contact with nano-metal, used for catalysis, result in non-tent shaped surface morphologies. It is very likely that surface tension is playing a role in resulting tentshaped nanostructures of silicon as a result of metal induced etching. These nano-tents with very sharp tips having an angle of 72 degrees appear to be applied for many applications.
